Introduction
The basic elements of land-atmosphere interaction (LA-I) are the exchanges of moisture and energy between these two systems. Historically, many of the important aspects of this interaction have been treated in the areas related to micrometeorology, agriculture and forest meteorology, planetary boundary layer, and hydrology. More recently, LA-I has also become recognized as important for studies of biogeochemical cycling, climate, mesoscale meteorology, and numerical weather prediction. Initial recognition of the importance of LA-I in these latter areas extends back at least two decades, but major advances have occurred over the period covered by this review. Land has been recognized as, in principle, a major element of the climate system since the initiation of the World Climate Research Programme (WCRP), and land was included in simple form in even the earliest General Circulation Model (GCM) climate studies.
The present review emphasizes advances in understanding of land interactions as part of the climate system, but also touches on related questions. For a contemporary view of Climate System Modeling, cf. Trenberth [1992] . Also, Prinn [1994] reviews atmospheric chemistry as part of the climate system including land interactions, and Mooney and Koch [1994] address the issue of effects of rising concentrations of CO2 on terrestrial vegetation.
Fluxes of moisture and heat from the land surface determine the overlying distributions of atmospheric temperature, water vapor, precipitation, cloud properties, and hence the downward radiative fluxes at the surface. For example, Koster and Suarez [1994] find in decadal GCM simulations that inclusion of an interactive land surface leads to substantially greater interannual variability of precipitation over both tropical and mid-latitude land than does observed ocean temperature variations. How the coupling between land and atmosphere depends on the formulation of the land and atmospheric processes as represented in models is now being explored. Some of the general aspects of this question are common to study of ocean-atmosphere interactions.
What especially distinguishes the land question is the differences between land and ocean surfaces. A much wider range of surface moisture and temperature conCopyright 1995 by the American Geophysical Union.
Paper number 95RG00284. 8755-1209/95/95RG-00284$15.00 ditions is realized over land in proceeding from arid to moist climatic zones and from tropical to polar climates. The relatively low heat capacity of the land surface and its limited capacity for water storage imply much stronger diurnal variations in surface conditions over land than over the ocean, and more direct responses to changing atmospheric inputs of energy and moisture as cloud properties and precipitation change. First GCM climate models were averaged over the diurnal cycle, but now most include a diurnally varying sun [e.g., Randall et al, 1991] .
The limited capacities for heat and water storage over land, combined with the heterogeneous nature of underlying soils, vegetation, and slope, imply potentially large heterogeneities in sensible and latent fluxes. Whether these fluxes, on the average, differ drastically from fluxes from an assumed homogeneous surface, what mesoscale circulations they might drive, and how these might affect large-scale conditions are crucial questions now being explored.
Land Processes and Their Modeling
A wide variety of land-surface models have now been developed that gives a response of land climate variables to atmospheric conditions. Some are general enough to match the wide range of conditions provided by a global model; others are intended for more regional or local applications. There is much similarity and overlap between models, and they all attempt to treat many of the same processes. Most such models have been constructed from elements of earlier models. However, there are also some substantial differences in objectives and details between models. [1992] intercompare surface fluxes over the ocean for coupled models for prescribed increments of ocean surface temperature. A wide range of evaporative fluxes was found between models, even under these simple conditions, a conclusion that is being replicated for studies over land. has studied the question as to what parameters are most important for determining the annual runoff to precipitation ratio. Key parameters are Budko's index of dryness, which is the ratio of annual net radiation determined potential evapotranspiration to precipitation, the soil water holding capacity, and the arrival rate of storms. Seasonal and stochastic variations of precipitation rates, potential evapotranspiration, and storm arrival rates are also significant.
Betts et The need for appropriate data is at least as great a practical difficulty as is the conceptual formulation of land processes. Webb and Rosenzweig [1993] describe a new soils database for use with climate models. Contributions of remote sensing to provide better data are described below.
Progress is being made toward incorporation of adequately realistic land processes in NWP models. Various surface moisture stores (prognostic variables) are part of these prescriptions and are currently entirely model-generated, as derived from modeled precipitation, radiative and other surface fluxes. The patterns and intensity of the precipitation producing floods in the United States in the summer of 1993 were apparently sensitive to antecedent soil moisture [Betts et 
T h e N e x t Four Years
Research over the last four years has considerably furthered understanding of LA-I. Further progress is expected over the next four years in understanding what the most appropriate formulation for land processes in climate and N W P models is, how these processes operate in the climate system, and how they can be specified by remote sensing data. These ideas will be synthesized with four-dimensional data assimilation systems for improved model initializations and generation of better land surface-atmosphere climatologies. Progress should also occur in understanding how land processes couple back to atmospheric processes, and the details of their atmospheric response. The focus provided by GEWEX programs over this period should help to considerably promote these advances.
